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INTRODUCTION 
859 
It is well known that neurogenic hyperthermia occurring shortly after a head 
injury and an intracranial operation is a serious prognostic sign. 
Since the reports of ARoN::>OHN & SAcHs, RrcHET &. OTT (1884) that the凶dy
temperature was raised by means・ ofa caudate puncture, innumerable experimental 
and・ clinical studies have been made on the location of the temperature regulating 
ceηter (lsENSCHMIDT & KREHL, KELLER, BAzETT, ALPERS & ERB, RANSON et al., HEss, 
KuRozu, ABE, McCRuM, SHERwoon; MAssopusT & BucHANAN etc.). These observations 
indicate that the chief central mechanism controlling the body temperature is car-
ried on the hypothalamus. Moreover, as to the exact location of the center or centers 
in the hypothalamus, the work of RANSON et al. has been generally accepted to be 
the most important. 
They showed in the experiments by the aid of the HoRsLEY-CLARKE’s stereotaxic 
instrument in the cat and-monkey that the heat dissipation or loss “center”exists 
in the anterior hypothalamus (preoptic area) and the heat conservation or pro-
duction“center”in the posterior hypothalamus. 
In their experiments, the changes of the body temperature we士eobserved under 
a certain, controlled high temperature or in an incubater regulated at 27 to 30。c
during the first day or two or sometimes longer, and in a hot box (39～40°C) or 
in a cold box (-1.1～8.0。C)more several days after electrocoagulation for the 
examination of the ability to regulate against cold and hot. 
Since hyperthermia in the man occurs under the usual environmental tempera-
ture, I investigated the mechanism of experimental neurogenic hyperthermia under 
the usual condition. 
The experiments were performed to investigate the following two aspects. 
(1) The changes of the加dytemperature after damaging the hypothalamus 
by the injection of chemicals or the electrocoagulation. 
(2) The changes of the body temperature after primarily making a lesion in 
the hypothalamus and then secondarily giving stimulants担travenouslyor sub-
arachnoidally. 
I 
1) Experimental Materials and Procedures for Measurement of the Bαly 
Temperature 
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The experiment戸 wer~ performed in one hundred and twenty, ~clult healthy cats, 
which were above 1.5 kg in body weight and had been bred under a certain condi-
tion for at least several da~＇S before operation. 
The bo〔bア temperaturewas measured in rectum, inserting a clinical mercury 
thermometer about six centimeters deepl｝ァ forover three minutes without binding 
the cats except at the operation under the usual room temperature of 10 to 28 
degrees, centigrade. 
2) Preliminar}' Experiments 
l. The rectal temperature in normal cats: 
The rectal temperature of an adult healthy cat averaged from data in 76 
animals was found to be 39.0 ± 0.1 °C. 




Lowes日 ighest j :¥lean Value & Err I M凶 anValue I Standard Deviation 
38.3 -40.0°C I 39.05士0.1°c I Md= 39.10°C I r; =.0.6 
37.9-39.6°C I 38.87土o.1°c I Md=38.85°C I o=0.67 
These readings show that there is a large individual variation in the rectal 
temperature. Therefore, in the present experiments, the rectal temperature 38 2 to 
39.8°C was regarded as normal deviation. 
2. Fixation of the animals: 
A mature cat is fixecl on a hammock in the prone position and the four limbs 
are allowed to hang down. Within 15 minutes immediately after fixation, the 
rectal temperature rose usually about 0.2 to 0.3°C. However, 30 minutes to 1 hour 
after fixation, it fel 0.5 to 1 C lower than that at the prefixation and continued 
so for 12 hours (Fig. 1). 
These results are sim日arto those of BOEHM & HOFFMANN’s experiments (1878). 
Fig・. 1 Chang巴ofthe Rectal Temperature due to Fixation (Normal Cat). 

























The fall of the rectal temperature after fixation in the cats seems to be 
similar as that in the man, monk町γandrabbit. 
3. In日uenceof fixation plus anaesthesia : 
The rectal temperature ).';eneraly falls in parallel with the depth of narcosis. 
E1・en 1・ithむtlwr for 30 minutes it falls 1° C, and dues not return to the preoperatiw 
nduc for at least three hours when kept in the fixating state (Fig. 2). 
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4. Craniotomy (Trepanation). 
The rectal temperature falls also acco-
rding to the magnitude of operative proce-
dures and when kept in the五xatingstate, 
the recovery if; very slow (Fig. 3), while 
if the animal is made frech・ movable im-
mediately after operation, the temperature 
returns steadily to the preoperative level 
(Fig. 4). 
It takes usually about one hour to fin-
ish al procedures such as五xation,narcosis 
and trepanation, and the rectal temperature 
becomes the lowest 20 to 30 minutes after 
Fig. 2. Influences of Fixation plus Ether 
Anaesthesia on the Body Temperature. 




























Fig・. 3 Influence of Craniotomy 11¥fere Trepanation). 
Fixation Continuing after Operation. 
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relieving from五xation,and 
usually 2.5 to 3.0°C lower 
than the preoperative value. 
Then one to two hours 
later it returns considerably 
rapidly (up to the level l ℃ 
。Clower than at preoper-.40 
ation), and thereafter slow－れ
ly to the preoperative 38 
rectal temperature in the 31 
following 7 to 9 hours (about 35 
10 hours after operation), ，斗
but usually does not ・ e I 34斗
higher above the prior 
temperature. 。
5. Limitations of h~ · pc1thcrmia in the cat: 
In order to know how much the rectal temperature 
Fig. 4 Influence of Craniotomy 1 l¥lere Trepanation). 
Reliev€d from Fixation Immediately after 
Operation. 




4 .6 12 14 h ID 
may be raised under the 
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usual environmental temperature and in the free state, either t~＇phoid vaccine (10 
mg/lOcc) or compound vaccine consisting of t~·phoid and paratyphoid A, B (Phar-
macopoeia Japonica) was injected i11tra,・cnousb・ or intramuscularly. Even with this 
method, the rectal temperature did not rise more than 41°C; within 12 hours after 
intravenous injection of typhoid vaccine, 2.0 cc per kilogram boc1.'・ weight, average 
value of the highest rectal temperature in four cases was 39.68° C and the highest 
rising degree 0. 97℃， and with 6.0 cc per kilogram lxidy weight 40.65'-C and 1.15'C 
respectivel.v, while five hours after intravenous injection of 2.3 cc of the compound 
typhoid vaccine per kilogram bod~ － weight, the temperature rose to 40.05°C and the 
rising degree w剖 l.5°C,and with 3.5 cc per kilogram body weight 40.35°C and 
l.5~C respecti¥・ely. 
In case of intramuscular injection the beginning of fever was delayed and the 
rising degree lowered than in case of intravenous injection. 
3) Criteria for the Fever Reactions in the Present Study. 
As above mentioned, even with typhoid vaccine, there is a limitation of hyper-
thermia in the cat and the fixation, narcosis and operative procedures suppres the 
fever rising aぉwellas the rcovc1.,・ of the rectal temperature under the usual 
condition. Thus in the pre日c1tstudy, al procedures including the fixation, narcosis, 
trepanation and・ an intracranial operation were finished as rapidly as possible, usually 
within one hour. Then the animals were left freely movable and the rectal 
temperature was measured in the free state. In the present experiment, therefore, as 
the criteria for the fever reactions, the rising degree of the rectal temperature 
during 12 hours atfer operation was taken into consideration, and the following 
four types were devided according to the rising degree. 
T~·pc 1 belong.s to “h~·perthermia” in which the rising degree is over 1.5 'C and 
continues for at least 3 hours. 
In h’pe 2, so-called“slight hyperthermia”， the rising degree is 0.5 to l.5°C and 
continues for at least 3 hours. 
In type 3, so-called“no change", the rising degree is from minus 1.0。Cto plus 
osc. 
In t:n〕c4，“hypothermia", the rise in the rectal temperature is under minus 
l.0°C (Fig. 5). 
Fig-. 5 Criteria for the F仁川c1・ Reactions in the Present Studies. 
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I 
(I) Fever experiments by primary single procedure. 
1. Intracerebral injection of pur~ nicotine 
2. Intracerebral injection of various chemicals 
3. Intracerebral electrocoagulation 
(I) Fever experiments by compound stimulation 
(II) Fever experiments by delayed secondary arachnoid stimulation 
EXPERDIENT AL METHODS 
The HoRsL叶 CLARKE’S坑ereo句xicinshume凶 wasused. Anesthesia was indu~ed 
o耐 lightlyby ether, so that the animal was nearly awakened at the end of the 
operation. Care was taken to keep al tech向附 aseptic,injecting with procaif昨
penicillin 15×101 unit into the back muscles after operation. 
The experimental brains were examind microscopically to determine the ex?,ct 
situation and extent of the lesions. 
The specimens were sectioned serial:vア at30,'.l in thickness after deh:vァdrating;in 
alcohol during 2 weeks and celloidin embedding. 
Ever~· 3rd section was stained with thionine (NrnsL’s stain) for cellular study, 
its adjacent section by Y ASHIRO’S modi五edmethod of WEIGERT’s myelin stain with 
EHRLICH’s hematoxylin for fibers and with hematoxylin-eosin for other五ndings.
The hypothalamus was divided into four parts; the anterior, superior, middle 
and posterior regions. 
1. The anterior region includes ganglion basale opticum and preoptic area. 
2. In the superior region nucl. hypothalamus parvocellularis et dorsalis, nucl. 
infundibularis posterior, the anterior part of Vicq d’Azyr and upper sub-
thalamus [upwards from nucl. filiformis (paraventricularis) J were included. 
3. The middle region includes tuber cinereum, nucl. hypothalamus medialis et 
lateralis, nucl. infundibularis anterior et medialis, anterior part of columna 
fornicis descendens. 
4. The posterior region includes corpus mammillare as the center and its 
adjacent area. 
The size of a lesion was described ・with the following signs ; Small lesion （ート）
which is similar in size as the width of the puncture canal (about 0.5mm). 
Middle lesion （十） presenting dimensions of one to two mm. 
Large lesion （竹↑） presenting dimensions of more than these. 
EXPERIMENTAL RESULTS 
(I) Fever experiments by primary single procedure 
1. Intracerebral injection of pure nicotine 
Since nicotine is a strong stimulant and at the same time a destructive agent, 
nicotine was injected into the hypothalamus in which the regulation center of the 
body temperature has been accepted to exist. 
A syringe-needle, 1/4 mm in size, 13 cm in length, was connected with the 
HORSLEY-CLARKE’s stereotaxic instrument and inserted into the hypothalamus on one 
or both sides. 
Then 0.01 cc of nicotine 
(produced by Dr. THEODOR 
ScHUCHARDT) was injected. 
Results (Table 1): 
Nine cases among twent~＇－ 
two died either immediately 
or during twelve hours after 
inje己tion.
Survival cats were six in 
the one-side-injection group 
and seven in the both-side-
injection group. Out of 13 
cases which survived, six had 
not lesions in the hypothala-
rnus, but in the nucleus cau-
datus or thalamus. Since the 
overdosis of nicotine was em-
ployed in this experiment, a 
serious intoxication resulted, 
so that in any case, even if 
the animal did not die, shock 
syndrome such as hypothermia 
and consumption appeared and 
prevented a rise in the body 
temperature after injection. 
Even in one case （色 23)
which showed hyperthermia 
type I, such a shock reaction 
is evidenced, as shown in the 
fever curve in Figure 6. 
Now the mechanism of the 
shock reaction of nicotine was 
analyzed. 
Under Ouropan soda (me-
th~·lhexabitalum soluble, Shio・
nogi, Japan) anesthesia, the 
blood l〕res叩 rewa日 measured
directly by inserting a cannula 
into the femoral artery. Then 
0.01 cc of pure nicotine was 
injected into the abdominal 
h?poderm, frontal cortex 
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Fig. 6 Unilateral Injection with Pure Nicotine into Left Cautlate Nucleus. 
0 23 3.7kg 14.5～20。c69～86"(; 
日ペー…” ／一 γ 
下／ ~：r:v 36 35 ~、、．
34 
3 
1.0 1.3.0 150 10 IWO ZIOO 2300 一awoo~oooc" oft 
The sketch representing a frontal section at the level of the optic chiasm 
case, the blood pressure increased sharpl}’within one to two minutes, foll
owed by a 
transitidnal fall, then slowly increased in five to fifteen minutes after inje
ction and 
showed hereafter a continuous fall. The puls is usually bradycardic, the 
respiration 
is frequent at the beginning. and then inhibited. The rectal temperatur
e remains 
low for more than 'several hours. 
These reactions, especially in the blood pressure, were almost the same r
egard-
less the part injected, only different in the degree and the time of occ
urrence of 
the response, according to the concentration and quantity of nicotine (Fig
. 7) ・ 
Accordingly, pure nicotine may be considered to be unsuitable for our 
fever 
experiment because of its severe general e百ectafter absorption. 
Fig. 7 Nicotine shock 
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The作。”・hatcheda開 aindicates the site or the injection. 
2. Intracerebral in-
jection cf various che-
mica ls
Nicotine diluted with 
glycerine, glucose 
with arabic gum 
employed for the pur-
pose of reducing a 
serious reaction of pure 
nicotine and producing 
the focal stimulation or 
destruction in the brain. 
Sublimate which has 
mainly a destructive 
effect, Langecaine (pro-
caine etc., Kaken, 
Japan) which has a 
long lasting anesthetic 
e百ector typhoid vacc-
ine were also employed. 
The details of the 
data obtained from 
these experiments are 
presented in Table 2. 
The rising degree was 
higher than in cases of 
the preceding e:x:peri・
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electrocoagula ti on 
Electrocoagulation 
was performed, using 
high frequency current 
(60・70V, 30-45 mA，ふ
10 seconds) or direct 
current (6 V, 30 seconds 
-1 minute or 20・30
V, 5 seconds) in few 
cases, with monopolar 
or bipolar electrode 
made of card clothing 
steel wire of 12 mils 
(0.3 mm)diameter and 
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applied an insulation paint for high frequenc.v and white lacquer. 
Results (Table 3) : 
Out of forty-eight cases in this ex1)criment, the sites of electrocoagulation 
were bilateral h~·pothalamus in 23 cases, unilateral h~·1)othalamus in 10 cases, in 
and around mesencephalic central grey in 11 cases and other regions in 4 cases 
(items; each one case, head part of caudate nucleus, thalamus, parietal subcortex 
or in and around chorioidea l℃日pectively).
In the cases in which remar・kably high body temperature was cauC'cl, panting 
was observed, but never shivering. 
Generall~· speaking, the rectal tc m 1：むratmec:cεms to be more easily raised in 
cases in which a moderate!.¥・ laq-'."c lesion, not enough to produce shock syndrome, 
Fig・. 8 Massin• Electrocoagulation in the Hypothalamus. 
合川 L2kg 10～ 13℃， 59～95%・
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Photomic:rograph l. (Thionine stain l represent! n旦
a frontal section of the diencephalon of cat合 86.
was found in the hypothalamus, 
than in cases with a smaller lesion. 
If a lesion is large and involves 
almost al areas of the hypothala-
mus, the animal reveals hypothermia 
and dies unless proper treatment is 
given (Fig. 8, Photomicrograph 1). 
It is di伍cultto make a com-
parison fair！γof fever reaction 
between cases with anterior hypo-
thalamic lesion and cases with 
posterior lesion, for in this experi-
ment, there were no cases in which 
a lesion was made exclusively in 
the postuior hypothalamus. How-
ever, in casc:s in which hyperthermia 
type I was observed, the lesions 
wεre found either in the anterior or 
middle region of the hypothalamus 
L 一一一一一一－~ i一一 一 一 L ' 一一 一＿j
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Bilateral Electrocoagulation in the Anterior Hypothalamus. 
26.1～26.7°C 2 l.1～26.1℃ 






















Photomicn.g-raph 2. 1Thiuni1c sLai11 rcptむ沿cnt1n旦
a fronLal sclion of Lhc d icn仁cph引onof caL CS Iり2
r 
l. ~Yhct( Microguph 3 (Tkenine訂正n)rei:rc日ぞnting
a frontal section of the cl iencephalon of cat合103.
持 artificialdefect at the time of section. 
and not in the posterior. 
This result seems to indicate 
that h~·perthermia is apt to be 
resulted when the anterior hypotha-
lamus is electrocoagulated. In No. 
102 （色） and No. 103 （色） which 
showed a remarkable rise in the 
l〕（）〔＼：； temperature, the region from 
the middle to the anterior h~·potha­
Jamus was deメtI・υ＞Telbilaterally, the 
]ll l日tcriorhypothalamus l.Jeing intact 
(Fig. 9, Photomicrograph 2, 3). 
Hm1・e¥・cr from the results above 
mentionc〔l,it would be rli伍cultto 
draw a definite conclusion as to the 
relation between the location of the 
lesions and the fever reaction beca-
use of some discrepancies in the 
data. The di仔ercnceof fever reac-
tion between symmetrization and 
as>•mmetrization of bilateral lesions 
was scarcely noticed, and that bet-
ween uni-and bilateral electrocoagul-
ation likewise was not so remarkable 
(Fig. 10, 11, 12. Photomicrograph 
4). 
Therefore, the effect of electro-
coagul<•. tion is rεgarde〔las not solel>' 
destructive but a日 stimulativefor 
sometime after operation, because 
fυr the explanation of the above 
facts it would be rcarnnable to 
asaime the abnormal excitation 
wide！：，’！日！万℃:tdingfrom the site of a 
le日ionand invoh・ing bilaterally wide 
areas of the hypothalamus. 
The lesion in and around the 
n:cドcnccphalic central ロrcy was 
relative！）’ cas.v to raise 1.he IJml）’ 
temperatur℃！η’ elec trocoagula tion 
similarh・ as the l心;ion in the 
h 3’pothalamus. 
Results of the fever experiments 
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Fig'. 10 Unilateral Electrocoagulation in the Hypotalamus. 
♀95 2.5 kg 12.7～14.7'C, 75.5～83% 
・c , Electrocoagu-






















1.CO 13.0 150 Iマ0 1 ~00 21.0 23-0 一←一 ＿ー＿，＿owi ・am・21.3(} eUorle 
Fig・. 1 Secondary Unilateral Electrocoagulation after the 
Previous El巴ctrocoagulationon the Other Side. 
♀83 3.3 kg 1.6～I3.0°C, 65～78% 
?
100 12.0 14.0 160 18.0 20。20 24.00・・・・・，…・0840o'clock 
Fig. 12 Bilateral Electrocoagulation in the Hypothalamus. 
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by・primarysingle stimulation are arranged according to the py・rogenic prncedure 
and the localisation of damage, and presented en bloc in Table 4, 5. Differences in 
reaction H’di百erentprocedures and localisations are not definite, but merely relative. 
T≫pc I hypertherrnia in this series of experiments under the usual room tern-
perature wa日 seen in one case "・ith the pure nicotine injection, in three with 
injections of various chemicals, and in おix ¥1・i【h the clcc:trocoagulation, but the 
animal which showed over 2 0°C‘in rising degr2e and above 41°C hyperthermia 
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Table 4. Primary Fever Experiments Arranged According to the Methods of Pyrogenesis. 















'Within 12 hours 
after operation Bilateral I I Unilateral 
Highest temperature 
above 41°C 
Highest rising degree 1 I 













Number in parenthesis indicates the number of cases stimulated in the area other than the 
hypothalamus. 
Table 5. Primary Fever Experiments Arranged According to the Localisations 


















was solely one with the electrocoagulation. 
Hypothalamus l…round (except cases with pure nico・ Other parts central gey 
tine injection) 
7 1 
14 3 7 
12 8 3 
12 。 。
45 12 11 
町P… In and around 〔exceptcas号S Other parts 




(II) Fever experiments I>~· compound stimulation 
In the above mentioned fever experiments, it was realized tnat l)yperthermia 
wa日 noteasily produced by a single primary procedure in and around the hypo-
thalamus. 
Accordingly in the next experiment, a lesion was made in the hypothalamus 
preliminaril~ and then one or t¥1’o additional pyrogenic procedures 1γere done simul-
Lill ICりusl>・or successi＼℃！~ · ; e. g. c islcrna 1 pu 11ct u 1℃， suboccipital injection with air or 
typhoid vaccine, subarachnoidal infusion with physiological salt water, intravenous 
873 
injection with typhoid vaccine or physiological salt water, intracerebral (frontal lobe) 
injection with typhoid vaccine, puncture in the hypothalamus, intrahypothalamic 
injection with typhoid vaccine, electrostimulation of the h~’pothalamus and intra-
cranial insertion of a laminaria piece etc. 
Results (Table 6) : 
There were thirteen cases in all including six cases injected with typhoid 
vaccine. Body temperature rising was brought about more easily in this experiment 
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Compound Stimulation 






Compound stimulation some 
days after hypothalamic 

















I C…d stim days after hypothalamic , Total 
damage or mere trepanation / 
I 0 I 
。｜♀22倉76. ~r 
Electrostimulation in posterior hypothalamus+ Injection with physiological salt water into 
liquor space (after electrocoagulatlon in anterior hypothalamus) 
Puncture in posterior hypothalamus (after inj的 tionwith nicotine-arabic gum in anterior 
hypothalamus) 
♀65-1 Laminaria piece insertion in frontal lobe (after insertion of a piece of gelatine sponge 
in aquaeductus mesencephali + Electrocoagulation of anterior hypothalamus) 
♀65-2 Laminaria piece insertion in frontal lobe on the other side (afぬrthe same procedure as 
in the above case) 
Electrocoagulation in anterior hypothalamus+ Cisternal injection with air 
Cisternal injection with air+ Intravenous injection with physiological salt water (after 
electrocoagulation in anterior hypothalamus) 
Cisternal injection with air+ Intravenous injection with physiological salt water (after 
mer巴 trepanation)
Cases injected with typhoid vaccme 
傘42 Injection with typhoid vaccine into frontal cortex (after mere trepanation) 
~49 Injection with typhoid vaccine intοfrontal lobe (after injection with nicotine-arabic gum 
in anterior hypothalamus) 
Injection with typhoid rnecine into frontal lobe (after electrocoagulation in anterior 
hypothalamus) 
Cisternal injection with typhoid vaccine and air (aftなrelectrocoagulation in anterior 
hypothalamus and in and around aquaeductus mesencephali) 
Electrocoagulation in posterior hypothalamus+ Cisternal puncture+ Intravenous injection 
、vithtyphoid、，aceine





















than in the previous experiment. 
But because stimulating or dc~t me-
tive e宵ectsare apt to be cxcc~：－； i ＇.℃‘ 
if two or more hca ＼’：＂ proc・cdurc只
are done at the same time, the 
animals occasionally fel into the 
shock state rather than p1・.lduced 
the high bod：－’ temperature (Figure 
13). Thus the rising degree of the 
bo ~ly temperature in case of secon-
clan・ successive stimulation some 
clays after the previous damage w乱日
higher than in case of simultanous 
compound procedures. With or with-
out use of typhoid niccine, tlwxc 
were no cases of above 41〔’hyper-
thermia, but 2 cases above 2。Cof 
rising degree. 
(III) Fever experiment己 b~ ’
delayed secondary arachnoid stimu-
lation 
PLltotomicrograph 4. (Hematoxylin-eosin stain) 
representing a frontal section of the diencephalon 
of cat合 67.
Fig. 13 Bilateral Electrocoagulation in Preoptic Area and 
Cisternal Infusion with Air. 
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一一一Infiucnceof aiachnoid stimulation upon the t・cctal temperature in the 
cat having fully ice川 'Crelfrom destructed lc;ionぉinthc '1.'Tolllalamu日
人rachnoidstimulations were Nじいrndarilγ giYcn to the animals with destructive 
lcsio11s in the hγI〕othalarnus,after an i 11tcn・al long enc ugh to rccuγer their consti-
tutional reserve pcll℃l s. 
Stimulation metl111ペ were shown in Table 7. 
Th（： 仁、xpcrirnc11l 'a討 do11cfrom tl'け d:t,I’sto three monthぉailc1destruction in 
yarious part日 ofthe h.1・pothalamus. 
EXPERIMENTAL STUDIES ON THE NEUROGENIC HYPERTHERMIA 875 
Table 7. Stimulation Methods 
Infusion ’Route Infusion Material Infusion Amount 
I Typhoid vaccine I l .5c 
Cisterna magna I Physiological salt water I 1.5 c 
I Ringer・s solution i 1.5 c 
巳~一一 一 一 止竺土L竺Parietal 
su barachnoi<l 
space 
I Typhoid vaccine I 1.5c :c
I Physiological salt water I 1.5c 
Vein I Typhoid vaccine 一一戸：；－6五二ぷぷ~函h了一
Injections into the space of cerebrospinal司uidwere done by the following two 
ways; (i) through a trephine hole into the parietal subarachnoid space with a 
needle one quarter mm in size and (i) through suboccipital puncture with a half 
mm size needle. 
Injection volume was 1.5 cc in all cases. 
Physiological salt water and RINGER’s solution were applied after being warmed 
to the body temperature, but typhoid vaccine was not warmed. Air infusion by 
cisternal puncture was done by pumping in from 4 0 to 6.0 cc of air immediately 
Table 8. Secondary Experiments (1) 




Su barachnoid space 
(1.5 cc) 
Vein 
(2.0 c per kilogram 
body weight) 
Vein 




dama~e bilateral in 
anter10r hypothalamus 
mere trepanation 




dama~e bilateral in 
anter10r hypothalan 
一－a』．口I叩 bilateralm 
anterior and posterior 
I hypothalamus 
I " opemt;°" 
















Within 12 hours after injection 
Hid~~est rising I Highest rectal 




















Table 8. Secondary Experiments (2) 
Infusion route Previous procedures 
no operation 
mere trepanation ｜♀631 1.05 39目35
damage bilateral in ＋十 合6 1.5 41.35 
anterior hypothalamus it十 合69 1.37 40.0 
＋ ♀83 1.1 39.6 
廿十 合67 0.95 40.25 
甘十 合103 0.8 40.6 
＋ ♀92 0.8 40.4 



























dam a~とe on one side of 
・ anterior hypothalamus 
damage on one side of 
' thalamus 
Ringer’s Solution Infusion 
I山
｜… on one side of 
anterwr hypothalamus 
Cisterna magna 
(inject 1.5 c of 
Ringer's solution) 
Within 12 hours after inje氾tion 
Highest rising I Highest rectal 










I Size I I Within 12 hours after infusion 
I of I Cat I I 'A"'A~ I I Highest rising Hi耳hcstrectal 
i '""'UH I ! degree (0C'I ,temperature（。C)
I * I引 1.05 40.15 
＋十合96 0.8 40.2 
after pumping out 2 0 cc of cerebrospinal fluid of water>・ clearness. Intravenous 
injection was performed from the femoral Yein at the back fixation. 
l¥Ierely during the air inje巴tionwas used slight ether anaesthesia in al. 
Other experimental procedures m℃re the same as in the previous experiments. 
Results (Table 8, 9): 
Table 8 show日 thehighest rectal temperature and the highest rising degree 
which were rc¥'caled respectin:l＞’ within t we) ye hours after injection. Table 9日how日
collectively the fever t>・pcs in the cases preliminarily having destructi＼℃ lesions in 
the hypothalamus as compared with the control cases with no intracranial operation 
but mere trepanation. 
The di町erencesin fc¥・cr reaction according to the localisation or to the bilateral 
円・mrnetryof destructive lesions were not so remarkable. 
H>・polhcrrn i<t (shock) was not observed in the present experiment except in the 
cases in which the brain i1jur>・ ancl bleeding took place due to the awkward technic 
of injection. Fu℃r rising reaction 1γ日日 more remarkabl.¥・ noted in the c乱：c日 which 
had multiple small and bilateral lesions in the hy11othalamus than in those "・ith a 
large ¥Jut mereljア unilaterallesion. The reaction was abo more marked in the cases 
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Table 8. Secondary Experiments (3) 
Physiological Saltwater Infusion 






damage bilateral in 
anterior hypothalamus 
I dama宮ebilateral m 
anterior and posterior 
hypothalamus 
damage unilateral in 
anterior hypothalamus 
Subarachnoid space I mere trepanation 
(1.5 cc) l<lおna伊 bilateralin 
anter10r hypothalamus 
damaire bilateral in 














Table 9. Secondary Experiments in Animals 



















て：fusionroute Cisterna magna / S山 arachnoidspace 
Type ------
T川 oid[Physiological j Rr… ・s [ Air Typ凶山ち凶oid¥Ph恥刷y戸凶s討山io叫 ical 
vaccine salt water solut10n vaccine salt water 
2 3 。 2 2 3 
I 。 7 2 9 。 1 
Il 。 。 。 。 。 。
w 。 。 。 。 。 。
Total 2 10 2 11 2 4 
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Fig・. 14 Cisternal Infusion with Air after Bilateral Electrocoagulation 
in the Anterior・（45clays) and Posterior Hypothalamus (IO days) 
Cisternal infusion with air 4 0-6.0 c after pumping out liquor 2.0 c. 
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with lesions involving both the anterior and posterior regions than in those limited 
sole!~· to the anterior region (Figure 14). 
This fever rising reaction is usually transitory, and only in extremely rare 
cases persists til the next daγ． 
The cat having a hypothalamic lesion e［いilyand highly raises the body tern-
perature, especially when injected with typhoid vaccine as a p~ro広en. This tendency 
is ea町 torecognize, when the results are compared among the animals which ＼＼℃I℃ 
examined at the same time and under the similar environmental condition, as 
shown in Figure 15 ancl 16. (In Table 8 and 9 are presented al the cases examined 
in di汀erent日山川Jlヘasa whole). 
Whenれ mtwas injected with air, ph）百iologicalsalt nァateror RINGER’s solution 
throu日hthe suboccipital route, tlw iじ＜lCぺioni日 11carlγsimilarafter each injection, 
showing no essential di町erenceamong the three (Figure 17, 18). 
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Fig・. 15 Intravenous Injection with Typhoid Vaccine (2.0 cc per 
kilogram body weiεht). 
一ー一ーー 1：♀6,Destruction of bilateral preoptic area with sublimate 
( 4 days prc¥'iously). 
一一一 z：合58,Mere trepanation (5 days previously). 













¥ 2 I 4 16 rg 20 2 Ii 。 2 4 8 10 
Fig・. 16 Subarachnoidal Infusion with Physiologial Salt Water (1.5 cc!. 
ーーーーー 1：♀60,Destruction of bliateral pr巴opticarea with sublimate 
(6 days previously). 
一一一一 2：合5s,Mere trepanation (7 days previously). 
・c . l-nfu.s1~礼
41 + .I, 
40t 1 
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Fig. 17 0 日ー一一一 o1. In Cist巴rnaMagna, Infusion with Physiological Salt Water. 
x .，一一一－x2. In Cisterna Ma邑・na,Infusion with Air. ． 司 ・3.In Cisterna Magna, Infusion with Ringeグ・sSolution. 
Prc¥'ious lesion is in the preoptic area on one side. 
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Fig・. 18 . I. In Cisterna Magna, Infusion with Physiological Salt Water. 一一一 2. In Cistera Magna, Infusion with Air. 
Previous lesion is in the preoptic area on one side. 
♀95 2.5kg. I. 10.5～12.2°c 2. 10.5～1.4℃ 
?????
????I机ysio
、／タ，．戸F コ? ?? ?
F払へ
。 2 4 6 8 10 12 14 "' 
The results were not in自uencedon b? the time interval after electrocoagulation. 
In the present experiments which were done more than several days after 
damage in the h~·pothalamus, type I hyperthermia was seen more frequently than 
in the two preceding experiments, and it is to be noticed that without use of 
typhoid vaccine I was able to produce the hyperthermia above 41°C or the rising 
degree of the body temperature above 2.0。c.
DISCUSSION 
The present study was done to produce hyperthermia experimentally in the cat, 
and to investigate the mechanism of neurogenic hyperthermia. Experiments were 
done under the usual environmental temperature, in the freely movable state of the 
animal as much as possible, and taking much care to reduce the influences caused 
同’ anaesthesia，五xationand infection. The technical remarks made by RANSON 
were carefully referred to. 
Autonomic nervous center is closely connected with extrapyamidal system 
including subthalamus etc., therefore the stimulation of this center in伽 encesthe 
actiYity of skeletal muscles which constitute the great thermogenic system in the 
Fig" 19 Cisternal Injection with Procaine-Penicillin (0.5 c, 15x 104 unit). 
Previously electrocoagulated in th巴 bilateralhypothalamus. 
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body. Thus the muscular contraction raises the body temperature. For instance, if 
generalized convulsion is induced by penicillin injection into cistcrna magna, the 
rectal temperature rises markedly as much as 3.0°C in one hour, and even in the 
postmortem the high temperature stands and does not easily fal down (Fig. 19). 
In the present experiments the shivering noticed byア RANSONet al. was not 
observed, only the panting was recognized, and probably for the same reason 
there were more cases of hyperthermia in RANSON’s series than in mine. 
At the beginning of the study, pure nicotine, which is an intense stimulating 
drug with some destructive action was injected into the hァpothalamus. However, 
the animal fel into the severe shock state and exhausted the reserve energy for 
raising the body temperature. 
The shock reaction was observed not only in the animals injected with nicotine 
into the brain, but also in those injected with the equal dosis of nicotine into other 
organs, hypoderm, muscle or vein. The shock of this kind occurs also as the result 
of an excessively damaging operation. 
Considering that the body temperature is under the control of al organ 町古tems
of the body, it may. be di伍cultto assume that hyperthermia is caused by a single 
mechanism, for instance loss of function of the heat dissipation center. Hyperther-
mia is realized necessarily by the concerted e汀ectsof the excitement of the thermo-
regulatory center together with the e古田tivethermogenesis in the peripheral organ 
and systems acting in response to it. Thus, in order to produce hyperthermia in 
animals it is necessary to apply adequate stimulations without impairing the fever 
reserve power. 
Whether the fever reaction following the local application of various chemicals 
or the electrocoagulation is to be attributed to the stimulating action er to the loss 
of function due to destruction is not determined. 
RANSON showed that bilaterally symmetrical lesions in the anterior hypothala-
mus produced the abnormally high body temperature in the cat in the warm 
environment, but in the present experiments done in the usual environment, there 
was no definite di町erencein the results whether lesions were placed unilaterally or 
bilaterally, symmetrically or asymmetrically. This is the fact suggesting that some 
other factors than mere localisation may be involved in this problem. 
In a case with type I hyperthermia above 42°C there ¥vere bilaterally large 
lesions though asymmetrically in the anterior hypothalamus leaving the posterior 
hypothalamus intact. This五ndingis in accord with RANSON’s assertion. But in 
another case with the similar lesions and experimented under the similar conditi•)n, 
the highest body temperature was only around 40°C, though it belonged to t：，’pe I. 
These facts suggest that mere destruction of anterior hypothalamic region on 
both sides does not always result in marked hyperthermia. Similar trend is noticed 
in the secondary fever experiments, to. 
The present experimental results with electrocoagulation are, however, not much 
different from the results by RANSON et al. Namely, hrnerthermia of above 40°C 
in his experiments occurred in eight of twenty-nine in the monkey, and se¥'en of 
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eleven in the cat. In his experiments, the animals after operation were confned 
in a hammock and kept in an incubator regulated at or a litle above 28。C,i e. 
in the higher e1wironmental temperature than in the present experime:1t It was 
shown in his expE:riments, that induced h:-・perthermia is of lower degree in the cat 
than in the monkey under the similar condition. In the monkcv large hypo七，hala-
mic lesions brought about seldom shock, and frequently a sharp rise in the body 
temperature, at times even fatal hypcrthcrmia, as seen in patie:1ts of severe head 
injury. In the man hァperthermiaseems to occur more easily than in the animals. 
There are many reports in which animals ¥Yith various brain injuries and 
clise'lscs revealed the abnormality of the body temperature regulation, as demonstr-
ated b~－ fever curve in the normal environmental temperature, gas metabolism with 
oxygen and carbonic acid, and fever reaction in the warm and cold environments. 
Using the cats with a h::pothalamic lesion, McCRuM et al. reported on what 
is called morphine hyperthe1・mia (OGLES三Y,1870), in which hyperthermia was pro-
duce〔lb>-intravenous injection with morphine. 
Suggested by this method, I attempted to produce hyperthermia by the cisternal 
injection with air, physiologic saline solution or typhoid vaccine. 
There are also many reports on the changes in the body temperature after 
injecting air or others into subarachnoid space and also on the changes due to 
日uctuationsof liquor pressure. 
T AKAMURA in our clinic pointed out that hyperthermia after iodized-oil-ventri 
culography was most frequently seen in the cases with obstruction of aquaeductus 
mesencephali and or dilatation of the third ventricle, and HosmNo succeeded in prevent-
ing hyperthermia after iodized-oil-ventriculography by continuous ventricle drainage. 
In the present experimental study, using cats with hypothalamic lesions, I was 
able to produce the abnormally high body temperature by the injection with air, 
physiological saline solution or RINGER’，； solution in the liquor space and recognized 
that the animal having such hn：〕othalamiclesions tended to shO¥v the higher rising 
degree of f e＼アer,when injected intravenously and in the liquor space with t>・phoid 
vaccine. 
In the primar_yア fevercx1〕erimentsthe larger lesions tended to produce the 
higher rise in the body temperature, as far as the animals did not fal into shock, 
while in the secom1ar>-stimulating experiments small but widel.}-scattered lesions 
in various parts of the h；γpothalamus seemed to cause the higher fever rise. The 
same may be true in the warmed environment. 
There is disagreement of opinions as to RANSON’s h.}・pothesis that the heat 
dissipation center lies in the anterior h>・pothalamus (preoptic area), while the heat 
production and conservation center in the posterior hypothalamus. HEss, KuRozu 
and Abe etc. presented di町erentopinions respecfr;ely on the regulation center of 
the body temperature from their view points. During the past few .}・ears, :¥le（、RCM,
SHERWOOD, MASSOPUST & BUCHANえNha ¥'C objected to RANSON’s h~·pothesis. 
On the other hand :¥IoNoORI in our clinic reported that in the histological study 
of the hypothalamus of the patients with a hypophyseal tumor who died of 
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postoperative h＞’perthermia, r℃markable changes probably due to tumor compression 
were found in the anterior hy1〕othalamusincluding the wall and the base of the 
third ventricle and its adjacent area from the preoptic area to the tuber cinereum, 
but he did not definitely conclude which nucleu日 orwhich area would be responsible 
for hyperthermia, because the evaluation of histological changes in relation to 
hyperthermia should be ve円v careful. In the present experiments too, we could 
neither define hypothalamic nuclei and areas responsible for hyperthermia, nor 
obtain a positive evidence that such a limited center or centers certainly lie in the 
hypothalamus. 
It may be sure that the hypothalamus is important for thermoregulation but 
it is di伍cultto conclude definitely that the hypothalamus is the only area concerned 
with thermoregulation in the brain. 
SUMJ¥IARY AND CONCLUSION 
The experiments were performed in one hundred and twenty adult, healthy 
cats. In these cats injection with various chemicals or electrocoagulation in the 
diencephalon and mesencephalon, mainly in the h＞’pothalamus, ~was done and after 
some days secondaryア stimulatingprocedures were applied. 
The following results were obtained. 
1. The normal rectal temperature averaged from the data in seventy six 
healthy cats was 39.0士01ハc.
2. The rectal temperature falls by五xatiunon a tabl€, anaesthesia and opera-
ti on. 
3. Hyperthermia of above 41°C in rectal temperature and of over 2.0。Cin 
rising degree does not usually take place by injection of chemicals or electrocoagu-
lation in the brain, under the usual room temperature. Even if it does, it lasts 
only for a short time. 
Thus, it is difficult in the cat to imitate the hyperthermia which is observed 
in the normal man after severe brain injury. But if general convulsion occurs, 
加dytemperature rises steeply. 
4. In the mechanisms of inducing hyperthermia, not only the stimulation or 
destruction of the thermoregulatory center but also the species of animals, the 
individual di汀erenceand the environmental condition seem to playγimportant parts. 
5. For producing high body temperature the stimulating or destructive proce-
【luresshould not be too great in order to avoid the break down of the thermogenic 
reserve power. If light or moderate stimulations, such as injection in the liquor 
space with typhoid vaccine, air, physiological salt water or RINGER’s solution or 
intravenous injection with ty・phoid vaccine, are applied secondarily after recovery 
from the .damage in the hypothalamus, then hyperthermia takes place rather easily, 
whereas it does not in cases of acute severe lesions in the hy・pothalamus of the 
animal previously untreated. This fact suggest日thata patient having the h~’po­
thalmus previously damaged by a hypophysial tumor or the like, may easily show 
the higher rise in the body temperature than in the normal man, if he is second-
arily a百ectedby infectious diseas~s or sustains operative or traumatic head injuries. 
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6. In the p1・csentstucl；，・＼＼・c could not decide the definite localisation of the 
thermoregulato1下白川町 or of the area to be regarded as the probable source of 
hyperthermia. It was our impression that not the localisation but the severity of 
a lesion would be more important for the occurrence of hypcrthermia. 
Surely the hypothalamus plays an imJJortant role in the thermal regulation 
but the other 11arts of the brain clo not seem to be unconcerned with it; Should 
we not attach to great importance merely旬 thehypothalamus in the mechanism 
of the themoregulation ? 
The author acknowledges with many thanks the helpful suggestions of Dr. H. HA~DA of 
our laboratory. 
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